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RYAN ELECTRONICS 

I INTRODUCTION. 

A .  Contrsct Requirements 

Contract NAS8- 5481 covering the design, development and 

fabrication of one Vehicle Rsnge Extrsction Unit (VREU) 

f o r  use i n  a design study of the Automatic Ranging and 

Orbit  Determination (AROD) system was signed between the  

George C .  Marshall Space Flight Center and Ryan Aeronautical 

Company on 10 July 1963. 

Ryan perform experimental design and development of the 

VREU and (b) fabricate one VREU as a working model for  use 

i n  a design study o f  the AROD System. Final inspection 

This contract required tha t  (a) 

and acceptance t o  be accomplished a t  the George C .  Marshall 

Space Flight Center. Monthly progress reports were required 

i n  narrative form, br ie f  and informal i n  content. The reports 

include (a) a quantitative description of overall  progress, 

(b) an indication of any current progress problems and ( e )  

a discussion of the work t o  be performed during the following 

monthly reporting period. I n  addition, a f i n a l  report  i s  

required which summarizes the resu l t s  of the en t i re  contract 

work including recommendations and conclusions based on the 

experience and resul ts  obtained. 

B. Contract Change 

Early i n  the program, Ryan submitted a proposal t o  modify the 

or iginal  requirements fo r  the VREU. T h i s  modification included 

the addition of buffer storage devices between the active up- 

down counters and telemetry equipment; a quantity of two VREU'S, 
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RYAN ELECTRONICS 

each with two channels of range extraction units; and 

twelve output emitter followers from each channel t o  

i so l a t e  binary information between the active up-down 

counters and the  command logic  subassembly. The MSFC 

Contracting Officer 's  Representative also requested the 

addition of 20 monitoring points in the VREU. The points 

t o  be monitored included the 16 range tone inputs from the 

receiver, the reference signal input, and the power supply 

voltages. 

f icat ions as proposed was received during September 1963. 

The modifications were included i n  the detailed equipment 

requirements as specified i n  AROD specifications Nos. 5 and 

6. These specifications are  reproduced i n  full i n  Appendix 

1. 

Contractual go-ahead t o  incorporate the modi- 

C. AROD System 

The Vehicle Range Extraction Unit (see Figure 1) is a par t  

of the vehicle-borne portion of the AROD System. 

System is  being developed t o  fu l f i i l  the  need fo r  8n accurate, 

f lex ib le  tracking system fo r  space vehicles. 

borne equipment includes a continuous wave transmitter which 

communicates with multiple, unattended ground transponder 

s ta t ions t o  provide precision vehicle posit ion and velocity. 

Range and velocity measurements are made with respect t o  three 

or  more precisely located transponder s ta t ions .  

of the vehicle re la t ive  t o  a ground transponder s t a t ion  is  

determined by measuring the doppler frequency shift  of the 

The AROD 

The vehicle 

The velocity 
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VEHICLE R A N G E  EXTRACTION UNIT 

F igure  1 



RYAN ELECTRONICS 

coherent c m r i e r  transmitted from the vehicle t o  the 

transponder and back. The range of the vehicle re la t ive  

t o  the transponder s ta t ion i s  determined from the s ignal  

propagation time delay and i s  measured by the VREU by phase 

comparisons between the transmitted and received modulation 

tones on the  car r ie r .  These measurements are  time labeled 

and e i ther  telemetered t o  ear th  or used d i rec t ly  t o  compute 

r O ~ ~ f - h o  r the actual position and velocity of the vehicle i n  o rb i t .  

D.  Vehicle Range Extraction Unit 

The Vehicle Range Extraction Unit includes four ident ical  range 

information channels and one phase reference generator common 

t o  the uni t .  Each channel receives four range tone inputs from 

a corresponding channel of the AROD System receiver. 

four range tones, the high frequency tone provides f ine range 

resolution while the two intermediate frequency tones and one 

low frequency tone provide range ambiguity resolution. These 

tones originate i n  the phase reference generator but are  delayed 

i n  time due t o  transmission t o  and from a given transponder s ta t ion .  

I n  addition t o  providing the four system reference tones, the phase 

reference generator provides a l l  the phase references needed i n  the 

VREXJ. 

and present the time delay o r  range i n  binary d i g i t a l  form as 

measured from the phase difference between the received range 

tones and the reference tones w i t h  the s t ipulat ion tha t  analogue 

t o  d i g i t a l  encoders must not be used. 

ferred i n  para l le l  binary form t o  storage reg is te rs  which can 

O f  the  

Each channel of range extraction equipment must determine 

The readouts are trans- 
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I1 

interface with telemetry equipment or with a guidance 

system. The t ransfer  is  triggered by a range data 

t ransfer  pulse generated elsewhere i n  the AROD System 

t o  enable time correlation of the range data with other 

data being generated by the system. I n  addition, a 

portion of each range number i s  d i rec t ly  available t o  the 

Command Logic Unit of the  AEiOD System. 

range numbers i s  inhibited during t ransfer  t o  the telemetry 

Updating of the 

buffer storage and when being sampled by the Command Logic 

Unit. Each channel provides a r e l i a b i l i t y  signal t o  indicate 

tha t  the range number i s  formed correctly from the data 

presented. 

TECHNICAL APPROACH 

A. General 

The Vehicle Range Extraction Unit is  operational d i g i t a l  

i n  nature. It consists primarily of four ident ica l  

channels of d ig i t a l  phase tracking equipment and one 

d i g i t a l  phase reference generator which i s  common t o  the 

un i t .  A functional block diagram of the equipment i s  

shown i n  Figure 2. 

The phase reference generator receives a reference tone 

from the vehicle system's master osc i l la tor .  This tone 

i s  processed by a squaring amplifier t o  provide t r iggers  

t o  a chain of binary scalers .  

sixteen b i t  paral le l  binary word o r  number t h a t  contin- 

The scalers  develop a 

uously cycles from i ts  maximum va.lue t o  i t s  minimum value. 
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Sections of this  number are used as d i g i t a l  phase references 

3f various cycle periods f o r  the d ig i ta3  phase tracking loops 

i n  the range extraction channels. 

the appropriate locations to  obtain the four reference tone signals 

fo r  use i n  the transmitter modulator. Two additional tones are  

developed i n  single sideband mixers for  use i n  the range tracking 

channels. 

Each channel of range extraction equipment continuously tracks i t s  

four range tone inputs with d i g i t a l  phase tracking loops which keep 

the twenty-three b i t  binary range number updated i n  r e a l t i m e  through 

the application of an operational d i g i t a l  technique. 

is  described i n  the paragraph on d i g i t a l  phase trackers.  

a section of the range number is inside each tracking loop. 

phase reference s ignal  t o  tha t  loop i s  sh i f ted  i n  phase by a fract ion 

of a cycle proportional t o  the binary number i n  that  section. 

phase shif ted signal is  compared with the respective range tone 

input i n  a discriminator which comands the updating of  the number 

i n  that section u n t i l  the phase e r ror  is  below a s e t  threshold. The 

number i n  t h a t  section thus is  a measure of the phase difference 

between the reference signal and the range tone. 

however, is  not made up of independent sections with independent 

tracking loops. Rather, each range tone tracking loop is  overlapped 

with tha t  of the next higher frequency range tone through the ADDER 

section so tha t  a f t e r  the i n i t i a l  range ambiguity resolution has been 

performed, the en t i r e  range number i s  only updated by the f ine  range tone 

tracking loop. 

The number i s  also tapped a t  

T h i s  technique 

I n  essence, 

The 

This 

The range number, 
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The two lower frequency range tones of each channel are 

d i rec t ly  processed by squaring amplifiers and sent t o  t h e i r  

respective d ig i t a l  phase tracking loops. The two higher 

frequency range tones are f i r s t  mixed with other reference 

tones from the phase reference generator t o  get a lower 

frequency signal with the correct phase information before 

going t o  the i r  d ig i t a l  phase tracking loops. 

B. Digi ta l  Phase Tracking Loops 

The phase tracker i s  a servo device tha t  compares the phase 

of an incoming signal with the phase of a feedback signal and 

then uses the difference o r  e r ror  t o  correct 8 phase output 

signal snd the feedback s ignal  u n t i l  the e r ror  is  zero o r  

below a set threshold level.  

perform t h i s  function by sh i f t ing  the phase of the feedback 

signal i n  quantized steps controlled by A. para l le l  binary 

number stored i n  an active reg is te r .  The active reg is te r  

i s  updated by an e r ror  signal which w i l l  increase o r  

decrease the stored number u n t i l  the  error  signal is  below 

a threshold. The zero e r ror  condition implies t ha t  the 

feedback signal i s  i n  phase with the  input signal and tha t  

the  updated number in  the reg is te r  i s  proportional t o  the  

phase s h i f t  required t o  cause t h i s  condition. The manner 

i n  which d ig i t a l  phase sh i f t ing  is  accomplished i s  demon- 

s t ra ted  i n  Figure 3. I n  the demonstration, a three b i t  

binary number from a phase reference generator i s  continu- 

ously cycling from i t s  maximum value t o  i t s  minimum value, 

The d i g i t a l  phase trackers 
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numercially from a binary seven t o  zero. The most significant 

b i t  of t h i s  number, e lectr ical ly ,  i s  a square wave signal with 

a frequency period equal t o  the cycle period of the number. 

The fundamental sine wave component o f  t h i s  square wave is a 

reference tone which w i l l  be transmitted t o  a transponder and 

returned w i t h  a phase lag  re la t ive  t o  the reference tone. 

I n  Figure 3, a fixed binary number, stored i n  an active regis ter ,  

i s  numerically added t o  the cycling phase reference number t o  

produce a new number. The new number i s  also cycling i n  the 

same manner and with the same period as the phase reference 

number. However, the most s ignif icant  b i t  of this new number 

is  a square wave shif ted i n  phase re la t ive  t o  the most signi-  

f ican t  b i t  of the phase reference number. The magnitude of the 

phase s h i f t  i s  a binary fract ion of the cycle period and equal 

t o  the  fixed binary number i n  the active reg is te r .  

demonstration of Figure 3, the fixed number is  f i r s t  a binary 

two giving the ADDm output a most s ignif icant  b i t  shif ted t o  

lag  the phase reference by two parts of the eight b i t  period. 

The fixed number then i s  changed t o  a binary three, and the 

ADDER output lags the phase reference by two par ts  of the eight 

b i t  period. The fixed number then i s  changed t o  a binary three, 

and the  ADDm output lags the  phase reference by three eighths 

of a cycle. The most s ignif icant  b i t  of the ADDER output i s  the 

feedback signal fo r  a d i g i t a l  phase tracking loop. 

s ignif icant  b i t  of the ADDEEl output i s  also used i n  a discrimin- 

a tor  for  determining a lead o r  l ag  condition. 

In  the  

The next most 
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C .  Phase Discriminator 

The phase tracking loop must have a phase comparator 

which can detect the phase e r ror  magnitude between the 

incoming signal and the feedback signal and also determine 

whether the phase e r ror  i s  due t o  a leading or lagging 

condition. These functions a re  performed by a d i g i t a l  

discriminator which comprises a logic exclusive OR gate, 

a threshold gate, a lead gate and a lag  gate. The input 

signal t o  the  phase tracking loop, which i s  one of the 

range tones from the AROD system receiver, i s  f i r s t  

processed by a squaring amplifier t o  make it a square 

wave signal o r  binary element which a t  any given time i s  

e i the r  a ONE or  a ZERO. 

s ignal  are compared i n  a logic exclusive OR gate which 

gives a logic ONE output whenever the two inputs a re  

different ,  and a logic ZERO output otherwise. Thus, i f  

the two square waves are of different  phase, the exclusive 

OR gate w i l l  give a logic ONE output every half cycle. 

The exclusive OR gate function i s  demonstrated with the 

various waveforms i n  Figure 4. 

A threshold function i s  obtained e l ec t r i ca l ly  by giving 

the exclusive OR Output signal a slow r i s e  time and fast 

f a l l  time as shown i n  Figure 4. 

coupled w i t h  the inherent voltage threshold of the follow- 

ing logic AND gate, used for the lead/lag determining 

function, w i l l  require the e r ror  output of the exclusive 

This signal and the feedback 

The slow r i s e  time, 
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OR gate t o  pers i s t  long enough t o  build up t o  the  

voltage threshold. This i s  an analogue function and 

not the only way t o  obtain the threshold, but it i s  

used i n  the developmental model because of i t s  adequacy 

and ease of instrumenting with the  logic c i r cu i t s  used. 

The phase lead or l ag  determination is accomplished by 

gating the error output with the  second most s ignif icant  

b i t  output f rom the ADDER of the  d i g i t a l  phase sh i f t e r .  

This function is demonstrated with the signal waveforms 

shown i n  Figure 4. The ADDm output number cycles with 

decreasing value i n  the sane manner as the phase reference 

input, as demonstrated i n  Figure 3. Also, an increase i n  

the  "fixed" number stored i n  the active reg is te r  causes 

the  feedback t o  increase i n  phase lag. Therefore, when 

the phase error signal from the  exclusive OR gate occurs 

w h i l e  the second most s ignif icant  b i t  i s  a one, the input 

signal is  lagging the feedback signal, and clock pulses are 

gated into the act ive reg is te r  t o  increase i t s  number and 

causes the feedback t o  s h i f t  i n  the lag  direction. I n  

l i k e  manner, when the phase error  occurs while the second 

b i t  i s  a zero, the  input signal is leading the feedback 

signal and clock pulses are  gated by the complement of the 

second b i t  causing the active reg is te r  t o  decrease i t s  

number, thus shif t ing the feedback i n  the lead direction. 

A discriminator constructed i n  t h i s  manner w i l l  perform 

properly over a complete cycle of  the signa.1 frequency. 
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D .  Active Register 

The active regis ter  i s  an up-down counter composed of 

binary scalers which are gated as a "ripple through" 

counter t o  tr igger the next stage from "ONE'S" s ide 

of the t r a i l i n g  edge of the waveform t o  count up and they 

are gated t o  tr igger from the complementary o r  ''zero" 

s ide t o  count down. The up-down control i s  a d i rec t  

coupled f l i p  flop controlled by the discriminator. 

pulses of a suff ic ient ly  high rate are  gated in to  the  

counter whenever the discriminator threshold gate f i r e s .  

This clock pulse ra te ,  i n  par t ,  determines the servo loop 

gain for  the d ig i t a l  phase trackers. 

Clock 

E. Reliable Range Number Indication 

A re l iab le  signed b i t  i s  associated with each range number. 

A binary ONE indicates t ha t  the range number i s  properly 

formed t o  the  extent t ha t  the range tones are  being tracked 

and the range ambiguity has been resolved. The r e l i a b i l i t y  

signal i s  derived from the e r ror  signals of the  three lower 

frequency range tone trackers. These signals are added i n  

a logic  OR gate and presented t o  a Schmitt device which 

fires above a s e t  threshold. The Schmitt then drives a 

time delay network which will hold the re l iab le  output i n  

the off or zero condition fo r  a s e t  period. I f  any one of 

the three discriminators fires every seven milliseconds or 

at a fas te r  rate, the r e l i a b i l i t y  signal w i l l  be held a t  zero. 

The time period i s  long enough t o  assure tha t  the low 
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frequency range tone is being tracked. The time 

period i s  also long enough t o  require that  a l l  four 

range tones are phase coherent. The fine range tone 

tracker i s  also included because a random f ine  range 

tone signal w i l l  cause the adjacent tracking loop t o  see 

a random least s ignif icant  b i t  due t o  the tracker overlap 

described previously. 

F. Frequency Converters 

The f ine  range tone frequency of 2.342 MEI, and the range 

resolution tone frequency of 73.1875 KH, are mixed with 

phase coherent tones developed i n  the phase reference 

generator. The difference frequencies a re  then f i l t e r e d  

out and used as the s ignal  inputs fo r  the respective 

tracking loops. 

The phase or range information carried by each range tone is  

Each difference frequency i s  a t  2.287 KH,. 

conserved by the mixing process (see Appendix 11), but t he  

sampling r a t e  of the phase data is  reduced because the 

discriminators used with the trackers check the phase only 

a t  the zero crossings of the difference frequency. The 

advantage gained by mixing i s  the reduced speed required 

fo r  the d ig i ta l  elements. The clock r a t e  required without 

mixing would be about 600 MH,. 

G.  Telemetry Transfer Signal 

A telemetry t ransfer  s ignal  i s  developed i n  the  AROD Vehicle 

system tha t  i s  used t o  "time table" the data. When the 

Vehicle Range Extraction Unit receives a t ransfer  pulse, 
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I11 

a l l  discriminators i n  a l l  four channels a re  momentarily 

inhibited t o  prevent updating of the range numbers and 

the range numbers i n  the active regis ters  are non- 

destructively transferred t o  the buffer storage regis ters .  

The previous number i n  each storage reg is te r  i s  cleared 

at  the same time. The buffer storage reg is te rs  are composed 

of direct. coupled f l i p  flops which are momentarily slaved 

t o  t h e i r  respective active reg is te r  f l i p  flops during the  

t ransfer  pulse and are  inhibited a t  a l l  other times. 

H. Command Logic Output 

The range number outputs t o  the Command Logic Unit of the 

AROD System consist of the twelve most significant b i t s  of 

the active regis ter  of each channel. The numbers are  

available a t  a l l  t i m e s .  However, the command logic equip- 

ment develops an inh ib i t  pulse which inh ib i t s  a l l  discrimin- 

a tors  i n  the VREU t o  prevent updating of the  range numbers 

during the moment these range numbers are  being monitored. 

GENERAL FACTUAL DATA 

Each channel of the Range Extraction Unit derives the range 

and resolves the range ambiguities from the phase data 

carried by the four range tone inputs. 

presented i n  p a r a l l e l  binary number form as the output. 

Each range .tone i s  tracked using d i g i t a l  phase locked loops 

which include a portion of the binary range number i n  each 

loop. The phase tracking loops are  t i e d  together through 

The range i s  then 
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the range number and each adder section i n  a way 

which causes the lower frequency or  range ambiguity 

resolving loops t o  be dependent, within limits, upon 

the  high frequency loop which tracks the f ine  resolu- 

t i on  tone. This feature i s  preserved as long as the 

coarse range tones maintain phase coherences within 

phase error  l i m i t s  with a 3 r v a l u e  of about 2 5 

degrees. 

A .  Range From Phase Data 

The four phase reference tones developed by the phase 

reference generator are  modulated on a coherent micro- 

wave car r ie r  frequency and transmitted from the vehicle 

t o  a transponder s ta t ion.  

the modulation tones from the car r ie r  and places them on 

a new car r ie r  frequency developed i n  a precise manner t o  

preserve the phase and doppler information for  the first 

half of the journey and then transmits back t o  the vehicle 

where the tones are  removed i n  the corresponding receiver 

channel and returned t o  the VREU. Each range tone has thus 

made a round t r i p  t o  the transponder and has experienced a 

time delay relat ive t o  the time advanced reference tone. 

The time delay has a value twice the one way range divided 

by the  speed of l i gh t  or radio propagation. 

e, experienced by any one of the tones is equal t o  the 

frequency of the tone multiplied by the delay time. 

The transponder i n  turn removes 

The phase lag, 
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' e = f ZR cycles 
C 

The phase lag  may be several cycles plus a f ract ion of one 

cycle depending on the range tone frequency. The number of 

fill cycles of s h i r t  experienced by a higher frequency tone 

can be resolved by measuring the phase s h i f t  of a lower 

frequency tone t o  the extent tha t  one cycle of the lower 

frequency i s  several cycles of the higher frequency tone. 

B.  Optimum Range Tone Frequencies 

The frequency of the coarse range tone must be low enough so  

tha t  the desired maximum range w i l l  not cause the phase l ag  t o  

be greater than one cycle of the coarse tone. The number of range 

tones used and the i r  frequencies can be based on c r i t e r i a  governed 

by the phase j i t t e r  expectation on the coarse tones, the phase 

measuring resolution of the equipment and the sampling rate desired 

i n  cases where the phase i s  sampled only a t  the zero crossings 

of the range tones. 

model's d i g i t a l  discriminator. The choice of optimum range tone 

frequencies, however, was not a prerogative i n  the design of the 

developmental model o f  the range extraction equipment. 

sampling rate of the f ine  range tone w a s  a choice m a d e  during the 

design of the development model. This high frequency tone i s  

mixed down t o  a frequency of 2.287 KH,. 

changing a t  a maximum r a t e  of 9,000 meters per second, the change 

i n  range between each half cycle sample w i l l  be 1.8 meters. 

range e r ror  i s  reduced to  zero during each sample so  t ha t  the active 

This method i s  used i n  the developmental 

The 

If the vehicle range i s  

The 
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reg is te r  i s  updated i n  quantized steps of about 1.8 

meters. The transfer of the buffer storage, however, 

may occur at  any time between sample periods because 

the t ransfer  tr igger i s  generated elsewhere i n  the  AROD 

system. This s i tuat ion leaves an uncertainty i n  the 

range readout t o  the storage reg is te r  during the maxi- 

mum range rate .  This condition can be avoided by mixing 

the f ine  range tone down t o  a frequency of 18.296 KHz 

t o  increase the sample ra te .  The use of t h i s  frequency 

w i l l  provide quantized range steps no greater than 0.25 

meters a t  the m a x i m u m  range ra te .  This i s  equivalent t o  

reducing a servo system's dynamic lag  and can be accom- 

plished i n  the present d i g i t a l  phase trackers by increasing 

the phase reference generator number by one b i t  and increas- 

ing the reference frequency. 

C .  Binary Range Number 

The range number of each channel of the Vehicle Range Extraction 

Unit is required t o  be a para l le l  binary number large enough 

t o  represent a range of 2097 kilometers with a b i t  resolution 

of 0.25 meters. 

these requirements. The most s ignif icant  b i t  of t h i s  number 

represents a range value of 220 meters o r  1048.576 kilometers. 

The l eas t  significant b i t  represents a range s tep of 2-2 or 

0.25 meters. 

are  "ones", the totaL range represented i s  2,097,151.75 

meters. This range number can be expressed by a maximum 

A twenty-three b i t  binary number s a t i s f i e s  

When a l l  of the b i t s  of t h i s  binary number 

-15- 
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value €$., multiplied by a binary f rac t ion  between zero and one 

as represented by a summation: 

(1) R = RM EN K = l  dbt 2 k 

where t h e d k l s  are e i ther  ones o r  zeros and where 

% =  221 o r  2,097,152 meters. N = 23 .. 
The binary range number stored i n  the  ac t ive  r eg i s t e r  of each channel 

of the range extraction equipment i s  such a number. It can be sepa- 

ra ted in to  the sum of four sections corresponding t o  the  four range 

tone frequencies used, thus: 
5 5 

\- 

5 8 >-- u/ K+15 
K = l  2 K  

2 d K + 1 0  + 2  
K = l  2 K  

Now, since the propagation t i m e  delay, 7 ,  i s  equal t o  the  value 

given by : 

The binary range number is substi tuted f o r  the range i n  the time de lay  

expression, giving: 

5 5 

l7 2- d K + 5  + 
C K = l  2 K  

( 3 )  7-= 2 22 CfK + 2 
C K=l 2 K 

c/K+15 
K = l  2 K  

+ 2  l2 (fK+lO + 2 
C K = l  2 K  C 

Each section i n  t h i s  summation i s  multiplied by a coeff ic ient  j u s t  

equal t o  the  reciprocal o f  the  corresponding range tones. 

delay expression can thus be writ ten as: 

The t i m e  

-16 - 
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D. - 

5 8 

f 2  = 2-12c o r  73.1874 KH, 

(3 = 5-17, o r  2.2871 KH, 

f4 = 2-22 C o r  71.47 H, 

when C = 3.99776 x 10. 8 meters per second. 

Each section of the time delay number, equation (4), 

i s  some binary fract ion of the  associated frequency. 

Also, each l eas t  s ignif icant  b i t  of a section is  one 

complete cycle period of the next adjacent higher 

frequency. 

Range Ambiguity Resolution 

The f i r s t  coarse range tone experiences a phase l ag  

given as a binary fract ion of a cycle equal t o  - 

-10 9 
K = l  

d K  + 10 + 2 -15 4- 
2K K = l  

&K -E 1 5  
2K 

+ 2  

- 17- 



RYAN ELECTRONICS 

Only the  first f ive  most s ignif icant  b i t s  of t h i s  phase 

s h i f t  w i l l  be updated by the coarse range tone t racker  

because the  remainder i s  a f ract ion (less than one cycle) 

of  t he  next higher frequency tone and thus can be resolved 

by i t s  frequency tracker.  The feedback s ignal  f o r  the  

coarse tone tracker, however, i s  sh i f ted  by a pa r t  of the  

remainder so tha t  the tracking loops w i l l  not be completely 

independent. This overlap is  two binary b i t s  i n  t h e  

developmental model. Thus, the feedback s ignal  i s  updated 

i n  steps of 2'" par t s  of a. cycle, while the  tra.cking loop 

i s  only responsible f o r  pha.se shifts of 2-5 pa,rts of a. 

cycle or greater.  

The discriminator of t h i s  tracking loop has a. threshold 

gate which i s  set  so thak the phase e r ror  between the  range 

tone input and the feedba.ck s ignal  must exceed a. value of 

about three qmrters  of the l e a s t  s ignif icant  b i t  controlled 

by the tracker or about 8 .4  degrees of phase. This threshold 

va.lue coupled with the e f f ec t  from the feedback over1a.p 

allows a c lear  phase j i t t e r  region f o r  the input s ignal  of 

k 5.5 degrees. I n  the second tracking loop, the phase s h i f t  

experienced by the next range resolution tone, f i s  equa.1 3' 
t o  : 

c 

c c 
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The first f ive  b i t s  of t h i s  number are  counts of one complete 

cycle of the range tone and cannot be detected by t h i s  phase 

tracker.  They are  handled by the coarse range tone tracker.  

Only the f ive  b i t s  of the second section of the number w i l l  

be updated by th i s  tracking loop but i t s  feedback signal is 

sh i f ted  by an overlapping section as in  the first loop. 

t h i r d  tracking loop works i n  the  same manner. 

The full active reg is te r  is gated i n  a manner that  allows 

each range number section controlled by a tracking loop t o  

be updated by the adjacent higher frequency loop. 

higher frequency, for  example, the 2.287 KH, tone, gradually 

s h i f t s  i n  phase t o  complete a full cycle, a count i s  added 

o r  subtracted to  the  next section. 

discriminator o f  the  next section, for  example, the 71.47 

H tone loop, from "f i r ing" and the phase difference of 

t h i s  loop never exceeds one quarter of a b i t  e r ror  fo r  

coherent range tones. 

therefore controlled independently by the range ambiguity 

resolving loops u n t i l  the errors  a re  below threshold and 

from thereafter they are  controlled by only the f ine  

resolution tracking loop. 

The 

When the  

This prevents the 

z 

Each section of the range number i s  

I V  DETAIL FACTUa DATA 

A .  Equipment Calibration 

The Vehicle Range Extraction Unit provides the  AROD system 

transmitter with four reference tones which a re  transmitted 

t o  a transponder and returned as range tones with phase s h i f t s  

- 19 
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proportional t o  the  range t o  the  transponder. 

range number of any one of the channels should therefore 

read zero range i f  t h e  four reference tones a re  coupled 

d i r ec t ly  t o  that  channel as range tone inputs. 

There are several locations i n  the  VREU where f i l t e r s  

are  used and these f i l t e r s  have been provided with phase 

adjustments which can be used t o  avoid the "zeroing" of 

the phase bias errors  caused by t h e  f i l ters.  These phase 

adjustments, however, have l imited adjustment ranges s o  t h a t  

they cannot be used t o  remove phase bias  e r rors  developed 

by the  en t i r e  AROD system. Phase adjustments external t o  

the  VREU should be used for  day t o  day cal ibrat ions since 

they duplicate the function of the in te rna l  adjustments. 

There i s  a phase and gain adjustment f o r  each of the four 

reference tone outputs. The reference tones are  s ine waves 

which a re  the f i l t e r e d  fundamental frequency components of 

t h e i r  square wave counterparts used as references i n  the  

d i g i t a l  equipment. Each f i l t e r  should be adjusted so t h a t  

the s ine wave output i s  i n  phase w i t h  t he  square wave input. 

The f i l ters  used i n  the  developmental model are simple R-C 

low pass f i l t e r s  which change i n  gain a s  w e l l  a s  phase when 

the  phase adjustment r e s i s to r  i s  changed. Therefore, a 

gain adjustment i s  a lso provided s o  tha t  the required s ignal  

l eve l  can be maintained. 

The range tone mixers of each channel of range extraction 

equipment have a phase adjustment on the  reference tone inputs 

t o  the  mixers. Two reference tones developed by the  phase 

The 
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reference generator are  common t o  the four channels. 

The high frequency tone (2.34 MH,) i s  mixed with the 

f ine  range resolution tone (2.342 MH,) t o  get a difference 

frequency of 2.287 KH, which i s  f i l t e r e d  before going t o  

the phase tracking equipment. The second reference tone 

has a frequency of approximately 70.9 KH, and i s  mixed with 

the 73.187 KH, range tones. 

i s  equivalent t o  a phase s h i f t  of e i the r  the  range tone o r  

t he  f i l t e r  following the mixers. 

ments permit small phase corrections i n  the two higher 

range tones of each channel. No phase adjustments a re  

provided for  the two lower frequency range tones of each 

channel. 

Procedure 

A spec ia l  display i s  required f o r  readout of  the range number. 

This equipment should be able t o  display the twenty-three 

b i t s  of the  range number plus one b i t  for the  r e l i a b i l i t y  

indication. Also, a pulse generator i s  required t o  simulate 

telemetry t ransfer  pulses t o  continuously t ransfer  the range 

data in to  the buffer storage r eg i s t e r s .  The pulse generator 

should deliver a f i ve  vol t  pulse of about f ive  microseconds 

duration a t  a pulse r a t e  a r b i t r a r i l y  s e t  a t  two hundred 

pulses per second, 

is  a l so  required and m u s t  be from a s t ab le  frequency source 

of 4.684 MH, because the f i l t e r s  i n  the equipment change i n  

phase w i t h  a change i n  frequency. 

The calibration t e s t  setup is  shown i n  the block diagram, 

Figure 5. Four short  coaxial cables are  used t o  connect the  

A phase s h i f t  of these tones 

These mixer phase adjust-  

The reference tone input t o  the VREU 
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reference tone outputs t o  the data channel being 

cal ibrated.  The three lower frequency tone outputs 

should be terminated by f i f t y  ohm re s i s to r s .  

frequency reference tone inputs of each channel a re  

already terminated with f i f t y  ohm loads. 

A scope can be used t o  s e t  the  gain adjustments so t h a t  

the  output tones have a peak t o  peak value of two  vo l t s  

within one db. The gain adjustments are  located on the 

phase reference generator motherboard and a r e  ident i f ied  

as  follows: 

The high 

- gain of 2.287 mZ R 1  - 
R = gain of 73.187 KHz 3 

R6 = ga.in of 2.342 MHz 

The ga.in adjustment, R8, f o r  the 71.47 H 

PC board under the chassis. The pha.se adjustment r e s i s t o r s  

tone is  on the 
Z 

a.re 1oca.ted on the  pha.se reference genera.tor motherboard 

and a.re ident i f ied a.s follows: 

R2 = phase of 2.287 KH, 

R4 = pha.se of 73.187 KHz 

= phase of 2.342 MHz R5 
The phase adjustment, R4, f o r  the  71.47 HZ tone i s  a l so  on 

the  PC board under the chassis.  

The phase adjustments are varied u n t i l  the  range readout 

l i g h t s  are  extinguished, indicat ing zero range. The higher 

frequency tones should be zeroed f i rs t  because the  range 

number i s  not made up of independent sect ions.  The zero of 

-22- 
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ea.ch range tone can be viewed on an oscilloscope by 

monitoring the discriminator outputs of ea.ch channel 

The high frequency range tone controls the eight  least 

s ign i f icant  b i t s  of the  range number. The three lower 

frequency tones each control f i ve  b i t s  of the  range 

number increasing i n  significance with the  decreasing 

range frequencies. The r e l i ab le  data. l i g h t  w i l l  come 

on when the number i s  properly zeroed. The phase adjust- 

ment of the two higher frequency range tones can be aided 

by a.djusting res i s tors  on the t h i r d  motherboard of ea.ch 

channel. These r e s i s to r s  a re  ident i f ied:  

R f o r  the 2.342 MH tone, 

R~ f o r  the 73.187 M H ~  tone, 

7 Z 

A l l  four channels must read zero range for  the  same 

reference tone se t t ings .  

B. Program Activi t ies  

The program was ini t ia . ted by reviewing the  equipment require- 

ments and evolving a program plan. The equipment specifics.- 

t i on  was written u t i l i z i n g  information i n  the specif icat ion 

issued by MSFC. 

specification, a design concept review was held.  Ordering 

of pa.rts and breadboarding of c i r cu i t ry  was then begun. 

Certain modifications t o  the Vehicle Rsnge Extraction Unit 

were anticipated ear ly  i n  the program and a proposal cover- 

ing the  modifications was submitted, a s  requested, t o  MSFC. 

Following issuance of the program plan and 
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The modification quote submitted included the addition 

of buffer storage devices between the  act ive up-down 

counters and telemetry equipment; a quantity of two 

uni t s ,  each with two range extraction channels, and 

12 output emitter followers from each channel t o  i s o l a t e  

binary information between the  act ive up-down counters 

and the  command logic  subassembly and provision fo r  20 

monitored points. 

Ground rules  for system and equipment design were 

established between MSFC and Ryan representatives ear ly  

i n  the program. These ground ru les  a re  s m a r i z e d  below: 

1. - A f loat ing grounding system was desired with pro- 

visions f o r  grounding the system a t  one cent ra l  

point.  

2. - All monitored outputs must be short  proof (power 

supplies excepted) . 
3. - All input impedances t o  be 10 K ohms o r  greater  and 

a l l  output impedances t o  be less than 100 ohms. 

Note: This was l a t e r  amended t o  require an 

input impedance of 50 ohms on the 2.342 megacycle 

range tone input and 500 ohms on the three  other 

range tone inputs.  It was fur ther  amended t o  

include an output impedance of 50 ohms f o r  t he  

reference tone outputs. 

4.  - Connector pin sssignments were srranged so tha t  the 

f irst  pin car r ies  the common l ine .  

5 .  - A buffer storage erase pulse was not required 

because the VREU uses f l i p  f lop  storage devices. 

-24- 
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6 .  MSFC t o  provide reference designation and 

drawing number information. 

7. The equipment was designed t o  mount on a 

standard Emcor heavy duty 19" re lay  rack, 

type XRH-21-19-19. Ryan furnished the 

Jonathan type 150-Q-DB chassis s l ides .  

Ryan investigated the need f o r  isolat ion between the 12 

active up-down counters and the command logic  subassembly. 

It was determined tha t  there was the poss ib i l i ty  t ha t  the 

c i r cu i t s  would operate properly without isolat ion but there  

was the r i s k  of tr iggering the act ive up-down counters by 

t ransients  on the output l ines .  

was included in the design. 

Power supply requirements were determined ear ly  i n  the 

program. It was decided tha t  the following power supplies 

would be required: - 
volt  DC @ 12 amp. ; minus 6 vol ts  DC @ 3/4 amp. MSFC repre- 

sentatives requested tha t  the plus 7 vol ts  leve l  be changed 

t o  plus 6 volts. The plus 7 volt l eve l  could be changed t o  

plus 6 vol ts  i f  the output s ignal  leve l  t o  telemetry could 

be changed t o  5 plus o r  minus 0.5 volts DC instead of 5.5 

plus o r  minus 0.5 vol ts  DC. Since t h i s  requirement could 

not be changed the power supply l eve l  was retained a t  plus 7 

vol ts  DC. 

AROD Spec. 6, dated 26 August 1963 included the requirements 

for  the modifications quoted by Ryan ear ly  i n  the program. 

This specification a l so  included the requirements f o r  the 

The isolat ion c i rcu i t ry  

' 

Plus 12 volts DC @ 3/4 amp. ; plus 7 
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use of Type TNC connectors i n  pla.ce of Microdot connectors. 

The following connectors were selected for  use i n  the VREU: 

Quantity 

1 

16 

1 

1 

4 

1 

2 

1 

1 

Connector Type 

TNC 

TNC 

TNC 

TNC 

TNC 

Bendix Pygmy 

PTO2SE-24-61S 

Bendix Pygmy 

FTO2SE-24-61S 

Bendix Pygmy 
PTO~SE- 16- 26s 

Hubbell Type 

Number 7486 

Function 

Reference Frequency Input 

Range Tone Inputs 

Range Data Inhibi t  Input 

Telemetry Data Pulse Input 

Reference Tone Output 

Output t o  Command Logic 

Telemetry Output 

Monitoring Points 

Power Input 

Power supplies selected fo r  the Vehicle Range Extraction Unit 

a re  Technipower models S-7.3-laA, S-12.0-0.750A and s-6.0-0.750A. 

A t  the request of MSFC, Ryan incorporated ammeters t o  measure 

the current delivered by the power supplies. 

Representatives of MSFC and Brown Engineering v is i ted  Ryan 

ear ly  i n  January 1964. The representatives observed operation 

of the  VREU breadboard and were given a description of c i r cu i t  

operation. Discussions concerning the requirements f o r  spare 

sub-assemblies resul ted i n  a recommendation tha t  B small 

quantity o f  each module would be provided on a separate spares 

order. Drswings used fo r  the manufacture of the VREU were 

reviewed and it was decided tha t  these drawings would be 

suff ic ient  for use by MSFC. 
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During the acceptance t e s t s  on Se r i a l  #1, a j i t t e r  

problem was discovered which caused inaccurate readings 

i n  the l a s t  three stages. This j i t t e r  was eliminated 

and the first VREU was  shipped on 21 February 1964. 

second VREU was shipped t o  MSFC on 28 February 1964. 

addition, a complete set of drawings including sepia l i ne  

tracings of schematics, assembly drawings, panel and chassis 

assembly and block diagrams have been forwarded t o  MSFC. 

The 

I n  

V RECOMMEND ATIONS 

The en t i re  d i g i t a l  portion of the Vehicle Range Extraction Unit 

can be fabricated using "off the shelf" integrated c i r cu i t s  t o  

reduce the size,  weight, and power ccmsumption of the equipment 

and improve the r e l i a b i l i t y  expectation. 

The analog o r  l i nea r  c i rcu i t s  involved i n  the interface with the 

transmitter and receiver equipment consti tute the weakest portion 

of the system when considering range accuracy. 

could be eliminated o r  minimized by modifications i n  the design i n  

some areas of the vehicle equipment. The ereas concerned are those 

involving transmitter modulation and receiver demodulation techniques. 

As an example, the range tones are  not required by the d i g i t a l  range 

extraction equipment since only the range tone phase errors  a re  

used t o  update the range number. Therefore, the range extraction 

equipment and the receiver demodulator equipment can be combined 

t o  eliminate unnecessary c i rcu i t ry .  

channel can be reduced t o  three.  

(2.342 MHz),  and the coarse range tone, (71.47 Hz) , would be the 

same with an intermediate range ambiguity resolution tone a t  

These c i r cu i t s  

The number of range tones per 

The f ine  range resolution tone, 
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9.128 KHz. 

would be each half cycle of the 18.297 KH frequ-ncy for  the 

minimum range resolution of 0.25 meters a t  the maximum range 

r a t e  of 9,000 meters per second. 

the system could be accomplished by using switched frequency - 
pulse code modulation f o r  a single range ambiguity resolution 

tone of 71.47 H 

range resolution. 

the PCM-FM because the rise and f a l l  times of the pulses can be 

restored w i t h  suitable c i rcu i t ry .  

The phase sampling r a t e  for  the f ine range tone 

Z 

Further simplifica-tion of 

accompanied by a continuous wave tone f o r  f ine  
Z 

Extensive bandwidth would not be required for  

The above modifications would considerably simplify the vehicle 

system by extending the d i g i t a l  portion of the equipment in to  

the transmitter and receiver c i r cu i t ry  where the use of "off the 

shelf" d i g i t a l  integrated c i r cu i t s  would r e su l t  i n  smaller s i ze  

and greater r e l i a b i l i t y .  
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AROD-SPEC-5 
7 August 1963 

1. SCOPE 

1.1. Applicability. This specification se t s  forth the general  requirements 
f o r  system development models of AROD vehicle-borne equipment, and i s  
applicable to  a l l  such equipment. 

2 .  APPLICABLE DOCUMENTS 

2. 1. Documents. The following documents provide additional information 
as to requirements toward which design efforts should be directed since 
these requirements will be  imposed on la te r  models of the equipment: 

MSFC-STD-154 Printed Circuit Design and Con- 
struction; Standard for  

MSFC-PROC-158B Soldering of Electr ical  Connections 
(High Reliability); Procedure for  

MSFC -PROC - 257 Conformal Coating of Pr inted C i r -  
cuit Assemblies;  Procedure  for 

MSFC Astrionics Division Design Guide Line Procedure 09-5; 
Design of Electronic Compon;3nt Hous ings for  Flight Equipment. 

AROD-SPEC-2 Packaging of System Development 
Models of Vehicle -Borne Equipment 

AROD-SPEC - 3  Vehicle -Borne Equipment Tentative 
Environmental Tes t  Specification 

2.  2. Availabilitv. Copies of the above l isted documents, for  use in 
connection with AROD System contracts,  may be obtained f rom the con- 
t racting off ic e r . 

3 .  RECUIREMENTS 

3.1. Background. The system development models of AROD vehicle-borne 
equipment will be used f o r  tes ts  in the laborator ies ,  and will a l so  be operated 
in an a i rc raf t  during flight tests.  
and thus will not be subjected to launch o r  space environments. 
necessary that this equipment meet the s ize  and weight limitations of flight 
hardware.  It is intended, however, that the prototype and production models to 
be la ter  developed a s  a resul t  of the sys tem development t e s t  p rogram will 
meet  all the requirements for  flight hardware.  All designs for sys tem develop- 
ment units will be designed with this objective in mind. 

They will not be placed on a launch vehicle, 
Neither is it 
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3.2. 
mounted on standard 19 inch rack panels, a s  required by AROD-SPEC-2. 
Good design and manufacturing practices shall be followed, so that the units 
a r e  not excessively large or heavy. 

Dimensions and Weight. Units shall be of such size that they can be 

3. 3. Environmental Requirements. Units shall meet conditions which 
would normally be encountered in laboratory and aircraft flight testing 
conditions. 

3.3.1. Temperature. The equipment shall be capable of normal operation 
in atmosphere at 0'' to + 60° c. 

3. 3.2. 
the normal shocks which would be encountered in shipping and handliqg, 

Shock and Vibration. The equipment shall be designed to withstand 

laboratory testing, and aircraft flight testing, 

3. 3. 3. Altitude. 
up to 25,000 feet, 

The equipment shall be capable of operating at altitudes 

3.4. Power Requirements. The equipment shall be designed to operate from 
voltages which a re  easily obtainable from 28 volt8 DC, which will  be basic power 
source for future equipment. Prior to incorporation of supply voltages into final 
design, approval to use the voltage levels shall be obtained from MSFC. 
supplies, which in this case wil l  operate from 115 volts AC, will  be provided by 
MSFC. 

Power 

3.5. Connectors. 

3.5.1. Signal Connectors. Unless otherwise specified in individual instances, 
all signal connectors shall be type N, TNC, or TM, or Microdot screw-type 
jacks and plugs, types 31 and 32. 

3. 5. 2. 
connectors shall be AN or MS approved types. 

Power and Distribution Connectors, All  power and distribution 

3.6. 
tions for individual units. 
advisable. 
shall be white. 

Test Points. Test points shall be provided as required by specifica- 
Additional test points may be added as considered 

Test points associated with signal paths shall be green; all other 

3. 7. 
specifications for individual units. 

Monitoring Points. Monitoring points shall be provided as required by 
Additional monitoring points which a re  

considered to be required to provide complete information ef important system 
characteristics shall be added. 

3. 7.1. 
being measured shall be provided for each monitoring point. 
each monitoring point shall be 5k ohms or less. 

Monitoring Outputs. A 0-5 volt DC output proportional to the function 
Impedance of 

0 
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3.7. 2. 
- h h  * to a common connector for each unit. 

Monitoring Connections. All monitoring points shall be connected 

3.8. 
of the industry. 

Components. All components used shall conform to accepted standards 

3.9. 
reliability. 

Design. All  units shall meet accepted standards of performance and 

3.10. 
manship. Components shall - not be potted. 

Manufacturing. All units shall conform to accepted standards of work- 

3.11. Design Objectives. All design shall be accomplished with the following 
requirements in view. 
equipment covered under this specification, no design shall be used which will  
not allow compliance with these requirements in future models. 

W h i l e  these requirements a re  not binding upon the 

3.11.1. 
mum size and weight which is consistent with meeting the requirements for relia- 

Dimensions and Weight. Future units will be required to be of the mini- 

ble equipment. 

3.11.2. 
ditioning panels, as  described in MSFC Astrhnics Division Deeign Guide Line 

Mounting. Future units wil l  be designed for mounting on thermal con- 

09-5. 

3.11. 3. Future units will be required to meet 
the environmental test requirements for launch and space vehicle equipment; 
the tentative environmental testing these units will  be required to meet is 
contained in AROD-SPEC -3. 

Environmental Requirements. 

3.11.3.1. Temperature. 
ic 
provided by means of thermal conditioning panels, which will be maintained 
between t 15O and t 27O C, which wi l l  have a heat-dissipation capability of approxi- 
mately 5 watts per square inch. These panels are described in MSFC Astrionics 
Division Guide Line Procedure 09-5. 

Future units will be required to operate in atmospher- 
temperatures ranging from -85 * to t100 C. T'emperature control will be 

3.11. 3.2. 
surized compartment in 
ily in atmosphere of 10 

Altitude. Future equipment will be required to operate in an unpres- 
space environment; that is, it must operate satisfactor- -7 Torr. 

3.11.4. 
ontimum efficiency, using a minimum of power. 

Power Requirements. Future equipment will be required to operate at 
They wil l  operate from 28t - 4 

I -  - 
volts DC, with possible surges up to 40 volts for 10 milliseconds. 
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3.11.5. Components. Future unite will  be required to incorporate only 
componente which meet the reliability and quality requirements for use in 
manned vehicles. 

3. ll. 6 .  Manufacturing. Future equipment wil l  be required to comply with 
MSFC-STD-154, MSFC-PROC-l58B, and MSFC-PROC-257. 
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I .  SCOPE 

1 . 1 .  T h i s  s p e c i f i c a t i o n  i s  a p p l i c a b l e  t o  t h e  system development model 
o f  t h e  Range Data E x t r a c t i o n  equlpment o f  t h e  AROO System. 

2. APPL I CABLE DOCUMENTS 

2.1. The f o l l o w i n g  document s e t s  f o r t h  requi rements a p p l i c a b l e  t o  t h e  
Range Data E x t r a c t i o n  equipment: 

AROP-SPEC-5 Vehicle-Borne Un i t s ,  General S p e c i f i c a t i o n s  

3. REQUIREMENTS 

3 .  I. General.  

3.1.1. Backqround. The Range Data E x t r a c t i o n  equipment w i l l  be a p a r t  
o f  the vehic le-borne p o r t i o n  o f  the AROD System. Range da ta  must be 
e x t r a c t e d  f rom f o u r  i d e n t i c a l  channels. A channel w i l l  have f o u r  range 
tone  inpu ts  which a r e  delayed i n  phase due t o  t r a n s m i s s i o n  t o  and f rom 
a g i v e n  ground transponder.  The Range Data E x t r a c t i o n  equipment must 
determine and present  i n  b i n a r y  form t h e  phase d i f f e r e n c e  between t h e  
r e c e i v e d  range tones and t h e  re fe rence  tones. Readout w i l l  be t r a n s -  
f e r r e d  i n  s t r a i g h t  b i n a r y  form t o  a s to rage  r e g i s t e r  which w i l l  i n t e r -  
face w i t h  t e l e m e t r y  equipment, and a t  a l a t e r  da te  w i t h  t h e  guidance 
system. A range data t r a n s f e r  pulse w i l l  be generated elsewhere i n  t h e  
AROD System t o  enable t i m e  c o r r e l a t i o n  o f  t h e  data be ing  t r a n s f e r r e d  
w i t h  o t h e r  data be ing generated by t h e  System. 

3.1.2. D e s c r i p t i o n .  The Range Data E x t r a c t i o n  equipment s h a l l  c o n s i s t  
o f  a bas i c  u n i t  c o n t a i n i n g  a phase-reference genera to r  and f o u r  d i g i t a l  
range data e x t r a c t o r  modules. The r a n  e data e x t r a c t o r  modules s h a l l  be 
so c o n s t r u c t e d  as t o  be e a s i l y  removab e and in terchangeable f o r  a l l  
channels.  

3.2. Performance. The equipment shal  
requi rements:  

( a )  Maximum range 
( b )  Minimum range 
( c )  
(d )  Maximum range r a t e  

Range r e s o  I u t  i o n  

meet t h e  f o l l o w i n g  performance 

2097 km 
O m  
fo.25 m 
9000 m/sec 

3.3 .  Reference Frequency Input .  The u n i t  s h a l l  accept  t h e  f o l l o w i n g  
r e f e r e n c e  frequency from the  frequency s y n t h e s i z e r :  

( a )  Frequency 4.684 MHz 
(b )  Amp1 l t u d e  2.0 v (peak-to-peak, s i n e  wave)Ll.O db 
( c )  I npu t  impedance 50 ohms 
( d )  Connector Type TNC 
( e )  Number o f  Connectors I 

I o f  3 
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3.4 Ranqe Tone Inpu t .  The equ-ament s h a l l  accept f rom t h e  r e c e i v e r  f o u r  
range tones on each channel, as f o l l o w s :  

a 
( a )  Frequency 2.3420000 MHz 

73.1875 KHz 
2.2871 KHz 
71.47 Hz 

( b )  Ampl i tude 2.0 v (peak-to-peak, s i n e  wave) 21.0 db 
( c )  I npu t  impedance - 2.342 MHz 50 Ohms 

o t h e r s  500 Ohms 
(d )  Connector Type TNC 
( e )  Number o f  connectors 16 (4 per channel )  

3.5. Reference Tone Output. The f o l l o w i n g  frequencies,  which a re  generated 
I - s i t h in  t h e  Range Data E x t r a c t i o n  equipment f o r  phase-comparision purposes 
s h a l l  a l s o  be a v a i l a b l e  as ou tpu ts  f o r  use i n  d e r i v i n g  t h e  modu la t i ng  s i g n a l s  
t o  t h e  t r a n s m i t t e r :  

( a )  Frequency 

( b )  Ampl i tude 
( c )  Output impedance 
( d )  Connector 
( e )  Number o f  connectors  

2.3420000 MHz 
73.1875 KHz 
2.2871 KHz 
71.47 Hz 
2.0 v (peak-to-peak, s i n e  wave) kl.0 db 
50 Ohms 
Type M C  
4 

3.6. Range Data I n h i b i t  Pulse Input.  The equipment s h a l l  accept t h e  f o l l o w -  
i ng  pu lse  which w i l l  i n h i b i t  updat ing o f  range da tu  d u r i n g  t h e  t i m e  da ta  i s  
r e a d  by t h e  command l o g i c  c i r c u i t r y .  Only one data i n h i b i t  pu l se  w i l l  be 
prov ided;  d i s t r i b u t i o n  t o  each o f  the fou r  channels s h a l l  be made w i t h i n  t h e  
Range Data E x t r a c t i o n  equipment. 

( a )  Amp1 i t u d e  
( b )  D u r a t i o n  
( c )  Time between pulses 
( d )  Input  impedance 
( e )  Connector 
( f )  Number o f  connectors  

5.5 +, 0.5 v 
5 microseconds 
96 m i  I I iseconds 
? 10,000 Ohms 
Type TNC 
1 

3.7. Output t o  Command Logic.  The equipment s h a l l  i nc lude  s u i t a b l e  c i r c u i t r y  
t o  p r o v i d e  t h e  f o l l o w i n g  ou tpu ts  f r o m  t h e  a c t i v e  register?- t: #M+ 

F 
( a )  Output format 12 most s i g n i f i c a n t  b i t s  

( b )  Impedance o f  command l o g i c  2 10,000 Ohms 
( c )  B i n a r y  ou tpu t  vo l tages  r r I 1 l  = 5.5 f 0.5 v 

( d )  Connector Bendix Pygmy 

o f  b i n a r y  data per channel 

rlOrl 5 0.5 v 

( e )  Number o f  connectors I 

2 o f  3 
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3.8. Te lemet ry  Ouput. A b u f f e r  s t o r a g e  r e g i s t e r  s h a l l  be p r o v i d e d  wh ich  
w i l l  accep t  d a t a  f rom t h e  a c t i v e  r e g i s t e r  and h o l d  it f o r  samp l ing  by 
t h e  t e l e m e t r y  equipment. The b u f f e r  s t o r a g e  r e g i s t e r  s h a l l  have s u f f l c r e n t  
c a p a c i t y  t o  h o l d  s i m u l t a n e o u s l y  da ta  f r o m  a l l  f o u r  channe ls .  
s h a l l  be erased a t  such t i m e  as  u p d a t i n g  d a t a  i s  en tered .  The o u t p u t  f r o m  
t h e  b u f f e r  s t o r a g e  r e g i s t e r  s h a l l  be as  f o l l o w s :  

P rev laus  e n t r i e s  

( a )  Outpu t  fo rmat  A minimum o f  23 b i t s  and I 
r e 1  i a b i l  i t y  b i t  f o r  each o f  
f ou r  channels.  More b i t s  
s h a l l  be used i f  necessary  t o  
meet s p e c i f i e d  r e s o l u t i o n .  

11011 0.5 v 
( b )  B i n a r y  o u t p u t  v o l t a g e s  l r l t r  = 5.5 zt 0.5 v 

( c )  Outpu t  impedance 600 ohms 
( d )  Connector 8end ix  Pygmy 
(e )  Number o f  connec to rs  2 

3.9. Te lemet ry  Data T r a n s f e r  Pu lse  Inpu t .  The equipment s h a l l  accept  
t h e  f o l l o w i n g  command p u l s e  as  a s i g n a l  t o  t r a n s f e r  range d a t a  f rom t h e  
a c t i v e  r e g i s t e r  t o  t h e  b u f f e r  s to rage  r e g i s t e r .  On ly  one d a t a  t r a n s f e r  
p u l s e  i n p u t  w i l l  be p rov ided;  d i s t r i b u t i o n  t o  each o f  t h e  f o u r  channe ls  
s h a l l  be made w i t h i n  t h e  Range Data E x t r a c t i o n  equipment. 

( a )  Amp1 i t u d e  5.5 f 0.5 v 
( b )  D u r a t i o n  5 microseconds 
( c )  Time between pu lses  0.25 seconds 
( d )  I n p u t  impedance 2: 10.000 ohms 
( e )  Connector Type 7NC 
( f )  Number o f  i n p u t s  I 

3.10. M o n i t o r i n g  P o i n t s .  M o n i t o r i n g  p o i n t s  s h a l  I be connected  and s i g n a l s  
s h a l l  be p r o v i d e d  as r e q u i r e d  by AROD-SPEC-5. Seventeen m o n i t o r i n g  p o i n t s  
s h a l l  be p r o v i d e d  as f o l l o w s :  

( a )  Range t o n e  inputs - - four  on  each o f  f o u r  channe ls  
( b )  4.684 MHz i n p u t  f rom frequency s y n t h e s i z e r  

I n  a d d i t i o n ,  a l l  i n p u t  DC v o l t a g e s  s h a l l  be connected  t o  t h e  m o n i t o r i n g  p o i n t  
connec to r ;  no s i g n a l  p rocess ing  i s  r e q u i r e d  on  these  v o l t a g e s .  

3.11. T e s t  P o i n t s .  T e s t  p o i n t s  s h a l l  be p r o v i d e d  and c o l o r  coded as r e q u i r e d  
b y  AROD-SPEC-5. Tes t  p o i n t s  s h a l l  be p r o v i d e d  f o r  t h e  f o l l o w i n g :  

( a )  Reference f requency  i npu t  f r o m  f requency  s y n t h e s i z e r  
(b )  Range t o n e  i n p u t s  f rom r e c e i v e r  
( c )  Range tone  o u t p u t s  
( d )  
( e )  Outpu ts  o f  a c t i v e  r e g i s t e r  
( f )  

Reference tones  genera ted  w i t h  i n  t h e  equipment 

Necessary t e s t  p o i n t s  f o r  t r o u b l e s h o o t i n g  

A d d i t i o n a l  t e s t  p o i n t s  s h a l l  be p rov ided  as deemed a d v i s a b l e  f o r  c h e c k i n g  per -  
formance o f  t h e  equipment. a 
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SINGLE SIDEBAFTD MIXEX PROCESS 

The phase coherent reference frequencies mixed with the 

incoming range tones are  developed i n  the pha.se reference 

generator by modulating the corresponding reference tones 

by 2.287 KHz sine waves i n  single sideband mixers t o  obta.in 

the lower sideband. The s ingle  sideband mixers give good 

reject ion of the unwanted sideband without elabora.te f i l t e r i n g .  

The single sideband mixers are  composed of two balanced 

modulakors wi th  t he  outputs added together t o  give the 

required phase o f  the lower sideband. This function i s  

represented by the trigonometric identity:  

cos (ua, -+J t = cos uat cos tJbt + s i n w  a. t sindbt 

To demonstra.te thak the phase data. of t he  incoming range tones 

are  conserved, consider the phase reference tone outputs from 

the pha.se reference genera.tor t o  be s ine waves w i t h  a rb i t ra ry  

phases : 

2.342MH : s i n  ult + + 
Z 

73.187 KIIz : s i n  Ld2t + & 
2.287 K E I ~  : s i n  & t  + Y 
71.47 HZ : s i n  O4t +d 

3 

The tones genemted by the s ingle  sideband modulators are: 

The four reference tones a.re transmitted t o  a transponder 

and return w i t h  a. rela. t ive t i m e  delay, 7 , a.s: 
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The two  higher frequency range tones are  mixed with 

where only the difference components a r e  sent t o  the phase 

trackers.  

a.re, therefore: 

The four tones seen by the phase tracking loops 

s i n  (Ld3 t - W 1 7 + 7 f )  

s i n  ( ~ 3 3  t -L32T+ B ' )  

s i n  ( ~ 3 3  t - ~ 3 7 +  

s i n  ( ~ 4  t -u4T+d) 

The phase tra.ckers then add phase lags t o  corresponding 
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ACCEPTANCE TEST PROCEDURE 

1 .o SCOPE 

1.1 General - T h i s  document covers the Procedure for Testing the 

Range D a t a  Extraction Equipment, R y a n  Model 534, t o  demonstrate compliance with 
the requirements of Contract I?AS~-5481. 
2 .o REQUIREMENTS 

2.1 T e s t s  Requlred - The following t e s t e  shall be performed: 
T e s t  

Min. Range 
Range Rate 
Inhibit Operation 

Transfer Operation 

Range Output t o  Telemetry 
Range Output t o  Command Logic 
Reference Tone Signals 
Rel iabi l i ty  Signal 

Monitored Outputs 

Paragraph 

3.1 
3.2 
3.3 
3.4 
3-5 
3.6 
3.7 
3 -8 
3.9 

2.2 Standard T e s t  Conditions - A l l  laboratory tests shall be performed 

under the following standard test conditions unless otherwise specified. 
(1) Temperature Room Ambient (20" t o  30°C) 
(2) Humidity Room Ambient t o  So$ re la t ive  

(3) Pressure Normal  Ground 
(4) Vibration Normal Bench 

( 5 )  warm-up Three Minutes 

(6) Power 115 VAC 

3 -0 PERFORMANCE TESTS 

3.1 Minimum Range - Measure the a b i l i t y  of the RDEE t o  provide d ig i ta l  

range readouts as follows: 

(1) T e s t  Setup - The test setup s h a l l  be as shown i n  

Figure 1. 

reference signals. 

Check the phase and gain calibration of the 

-1- 
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(2) Measurement - With the reference signals connected as 

range tone inputs, observe the reading of the active register.  

When a reading of zero is  obtained, the minimum range is 
measured. Note: Fluctuations of the high resolution counters 

is t o  be expected because of transient signals and noise. 
3-2 Range Rate - Measure the a b i l i t y  of the RDEE t o  track rate 

changes up t o  go00 meters/second. 
Note: This test cannot be accomplished because a calibrated range - 

rate simulator is not available. 

3.3 Inhibi t  Operation - Ascertain that the range data i s  inhibited 
from updating when the range data inhib i t  pulse is present. 

(1) T e s t  Setup - The test  setup shall be as shown i n  Figure 1. 

(2) Measurement - Apply the following signal t o  the range data 

inhibit pulse input l ine:  
Amplitude .................... 5.5 f. 0,5V 
Duration .................... Approx. 5 microseconds 
PRF ........................ " 100 Hz. 

Allow the phase of the range tones t o  vary while observlng 
the output range data and the inhibi t  signal on the scope. 
Observe that the range data does not change when the inhibi t  
signal is present. Record the observation on the data sheet. 

3.4 Transfer Operation - Determine that the telemetry data t ransfer  
signal transfers range data fromthe active regis ters  t o  the buffer Storage regis ters .  

(1) T e s t  Setue - The test setup shall be as shown 

(2) Measurement - Apply the following signal t o  the telemetry 
i n  Figure 1. 

data t ransfer  pulse  iaput line: 
Amplitude ........................ 5.5 f. 0.5V 
Duration ........................ 5 microseconds 
Time between pulses .............. 0.25 seconds min. 

Observe range data t ransfer  f r o m  the active register t o  the 

buffer storage register.  
t ransfer  operation. 

Also note the active counters are inhibited during the 

Record the observation on the data sheet. 

-2- 
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3.5 Range Output t o  Telemetry - Determine tha t  the correct 

signals are available at the output of the buffer storage register. 
(1) T e s t  Setup - The t e s t  setup shall be as shown 

in Figure 1. 

(2) Measurement - Using an oscilloscope, determine that 
a logical "1" from the 23 b i t s  of each channel is 5.5 k 0.5 
volts and a logical "0" is 5 0.5 volts. Note any dis- 

crepancies on the data sheet. 
3.6 Range Output t o  Command Logic - Determine that  the correct 

signals are available a t  the output of the command logic buffers. 
(1) Test SetuE - The t e s t  setup shall be as shown 

in  Figure 1. 

(2) Measurement - Using an oscilloscope, determine that 
a logical "1" from the 12 bits of each channel is 5.5 k 0.5 
volts and a logical "0" is 
crepancies on the data sheet. 

0.5 volts. Note any dis- 

3.7 Reference Signals - Measure the output reference signals. 
(1) T e s t  Setup - The test setup shal l  be as shown 

in Figure 1. 

(2) Measurement - Using a frequency counter end an 
oscilloscope, determine that the reference signals meet 
the following requirements: 

Frequency : 2.342 MHZ 

73.1875 fcHz 
2.2871 KHZ 

71 047 Rz 
Amplitude : 2.0 volts i ldb (sine wave) 

Record results on the data sheet. 
3 -8 Reliability Signal - Measure the re l iab i l i ty  signal output 

from the four channels. 
(1) Test Setup - The t e s t  setup shall be as shown in  

Figure 1. Reliability signals are available at the follow- 

ing pins: CH.1, J2-p; CH.2, J2-PP; CH.3, J3-p; CH.4, J3-PP. 

re l iab i l i ty  signal shal l  be e 0.5 volts. Record measure- 
ments on data sheet. 

(2) Measurement - When the equipment is "locked-on", the 

-3- 
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3.9 Monitored Outputs - Determine that the  signals required 

f o r  external monitoring are available. 

(1) T e s t  Setup - The test setup shall be as shown in 

(2) Measurement - Measure the following output signals 
Figure 1. 

w i t h  the dc d ig i t a l  voltmeter. 
data sheet. 

(a) 

Record resul ts  on the  

Range tone inputs (4  on each of 4 channels): 

Amplttude - 0 t o  5 vdc depending on input 
signal amplitude. 

(b) Reference signal input: 2 vdc 
(c)  DC power supply voltages: 

+ 7  VdC 

+ 12.0 vdc 
- 6.0 vdc 

-4- 
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T e s t  R e q t  . - Para. - 
3-1  Min. Range 0 

3 98 

3 02 Range R a t e  meters/sec. 
3.3 Inhibit  No updating 
3.4 Transfer Transfers Signal 

3.5 Range Output Logical "1" 

Logical "0" 

3 96 cammand Logic output Logical I l l 1 '  

Logical "0" 

3.7 Reference Signals 2.342 MHZ 

/ M P H ~  HEF = e6B45 OMo 6 2.0 volts +- ldb 

+&9 73.1875 mz - O'' 2.0 volts 2 ldb 

~E/SO!FEJ O ?  HR S2+D 2.2871 KHZ 

2.0 volts * ldb 

71.47 Hz 
2.0 volts +- ldb 

Reliability Signal ( Locked on = 5.5k0.5 vdc 
L Channel 1 '[ Search -0.5 vdc 

Channel 2 ( Locked on = 5.5*0.5 vdc 

([  Search f 0.5 vdc 

( (  Search - 0.5 vdc 
Channel 3 ( Locked on = 5.5+-0.5 vdc 

L 

( 
Channel 4 ( Locked on = 5.5+0.5 vdc 

'[ Search L 0.5 vdc 

Meaeured 
CH. l  0 
CH.2 

CH.4 
(33.3 0 

-d I 

.- . 

.. /-. 

Data Sheet 
Sheet 1 of 2 
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- Test Recpnnt Para. - a 
3 *9 Monitored Signale 

Range Tone Inputs 
Chamel IA 

1B 
IC 
u) 

0-5 Vdc 
11 

11 

11 

11 2A 

28 

2c 

11 

11 

I1 

11 

11 

11 

11 

4B 11 

4c I1 

43, 11 

Reference Signal Input 2 vdc 

+ 7.0 WIC 

+ 12.0 vdc 
- 6.0 WIC 

Measured 

3.29 VDC 

Data Sheet 
Sheet 2 of 2 
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Para 
P 

3.1 
T e s t  
Min. Range 
- 

3.2 Range Rate 
3.3 Inhibit 

3 04 Transfer 
3.5 Range Output 

3 -6 cammand Logic output 

3-7 Reference Signals 

3.8 

Reqmnt . 
0 

meters/sec. 
No updating 

Transfers Signal 
Logical "1" 

Logical "0" 

Logical I' 1" 

Logicsl "0" 

2.342 MHZ 

73.1875 KHz 

2,2071 KHZ 

2.0 Volts f ldb 

2.0 volts f ldb 

2.0 volts 1 ldb 

71.47 Hz 
2.0 volts 1 ldb 

Reliability Signal ( Locked on = 5.5k0.5 vdc 
L Channel 1 ([ Search -Q.5 vdc 

- -  - 

~. .. 

c 

Channel 2 ( Locked on = 5.510.5 vdc 6 34) YDC 

'[ Search f 0.5 vdc + 0 tD56yc;t' 
- Channel 3 ( Locked on = 5.5&0.5 vdc 

( (  Search 5 0.5 vdc c 

( 
Channel 4 ( Locked on = 5.5*0,5 vdc tX347VDC (1 Search 0.5 vdc +&#D7/DC 

Data Sheet 
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RYAN ELECTRONICS 

REWWTNO. 53b65-1 

T e s t  Reqpnt - Para. - 
Monitored Signals 3.9 

Range Tone Inputs 0-5 vdc 

Channel lA 
IB 
IC  
lD 
2A 
2B 
2c 

2D 

3 
3 
3c 
31, 
4A 
4B 
4c 
4D 

11 

11 

11 

I1 

11 I1 

I1 

I1 

I1 

Reference Signal Input 2 vdc 

+ 7.0 vdc 

+ 12.ovdc 

- 6.0 vdc 

Measured 

Data Sheet 

Sheet 2 of 2 


